1. Introduction {#sec1}
===============

The World Health Organization (WHO) showed nearly half of colorectal cancer (CRC) cases are detected in Asia, mostly in China. CRC was the fifth most commonly diagnosed cancer in China \[[@B1]\], with more than 0.3 million new cases and 191000 deaths occurring \[[@B2]\]. In the last few years, the mortality of CRC was declining in United States but rapidly growing in China, which is the fifth leading cause of cancer death. Furthermore, approximately 25% of CRC was in the advanced stage as diagnosed and more than 40% of patients with CRC progress to metastatic colorectal cancer (mCRC) \[[@B3]\].

The RAS protooncogenes encode a family of highly homologous proteins, including HRAS, KRAS, and NRAS. They are involved in RAS/RAF/MEK/ERK signal pathway, which regulates the growth and survival properties of cells \[[@B4]\]. For mCRC patients, RAS mutation is usually used as an important predictive factor for the clinical response of anti-EGFR treatment. Recent studies have demonstrated that BRAF mutations are related to poor prognosis of mCRC \[[@B5]--[@B7]\]. However, we could not draw a firm conclusion about the correlation between the RAS mutation and the prognosis in mCRC patients with palliative operation.

Tumor-infiltrating immune cells, which play a role in recognition and elimination of tumor cell, have been reported to promote immune evasion and metastasis in CRC \[[@B8], [@B9]\]. Recently, several studies have demonstrated that immunoscore (IS), based on the density of CD8+ and CD3+ tumor-infiltrating lymphocytes in the invasive margin and the core of tumor, is vastly thought to be superior to the current tumor-node-metastases (TNM) staging system \[[@B10], [@B11]\]. However, the evidence is limited for mCRC.

Programmed cell death-ligand 1 (PD-L1) has been reported to function in the immunoregulatory system during certain conditions, including autoimmune disease, allograft rejection, pregnancy, and cancer \[[@B12]\]. Several studies suggested that PD-L1 expression in lymphocyte cells and in tumor cells of CRC is related to a high density of tumor-infiltrating immune cells \[[@B13], [@B14]\]. Hence, expression levels of PD-L1 were inversely correlated to T-cell densities in CRC tissue. However, the complex interrelationship between prognostic of mCRC and PD-L1 expression is still unknown.

Although most studies have demonstrated that BRAF mutations are related to poor prognosis of mCRC, we could not draw a firm conclusion about the correlation between the RAS mutation and the prognosis in mCRC patients. The objectives of this study were to confirm the prognostic value of the immunoscore of CD3+CD8 and the PD-L1 expression in mCRC with or without RAS mutation.

2. Materials and Method {#sec2}
=======================

2.1. Patients {#sec2.1}
-------------

This retrospective study included 60 mCRC patients with palliative operation at diagnosis between December 2013 and March 2016. Available variables included the following: sex, age of diagnosis, tumor location, RAS mutation type, histological type, vascular and perineural invasion, and metastatic sites. All patients were followed up until their deaths, or their last follow-up, or March 31, 2017. We defined the overall survival (OS) as the time from the date of primary treatment to the date of the last follow-up.

2.2. Immunohistochemistry and Image Analysis of Tumor-Infiltrating Immune Cell {#sec2.2}
------------------------------------------------------------------------------

The presence of tumor-infiltrating immune cells was confirmed by immunohistochemistry using antibodies for CD3 (ZA-0503), CD8 (ZA-0508), and PD-L1 (ab205921). Immunostaining for CD3 and CD8 and PD-L1 was performed using a Bond polymer kit (Leica Microsystems) and Leica BONDMAX autostainer (Leica Microsystems). All immunostained slides were scanned on an Aperio ScanScope® CS instrument (Aperio Technologies, Inc., Vista, CA, USA). The immunomarker-positive tumor-infiltrating immune cells were quantified by computerized image analysis system, ImageScope™ (Aperio Technologies). CD3+, CD8+, and PD-L1+ lymphocytes were counted using the Nuclear v9 algorithm. The density of immune infiltrates was obtained from the entire area of the tissue core.

2.3. Determination of Scoring System {#sec2.3}
------------------------------------

Immunoscore (IS) was performed as described before \[[@B15]\]. Briefly, immunomarker-positive tumor-infiltrating immune cells were quantified by computerized image analysis system, ImageScope (Aperio Technologies). CD3+ and CD8+ lymphocytes were counted using the Nuclear v9 algorithm. We used the same cut-off values as Kwak et al. described. IS was defined as a quantification system based on the combination of two markers (CD3 and CD8) in two regions---the core of tumor (CT) and the invasive margin (IM) \[[@B14], [@B16]\]. A high density of immune marker positive lymphocytes in each region was recorded as a score. IS is a summation of the score of CD3+ and CD8+ TILs in the CT and IM, which is from 0 to 4. Then, all the patients could be divided into two groups---IS low group (0, 1, and 2) or high group (3, 4).

2.4. Statistics {#sec2.4}
---------------

All data were statistically analyzed by the Statistical Package for the Social Sciences, version 23.0 (SPSS Inc., Chicago, IL, USA). The correlation among clinicopathological features and mutation was calculated by a Chi-square test (for categorical variables) and Student *t*-test (for continuous variables). Overall survival was calculated by the Kaplan-Meier method. For identifying the independent prognostic factors for OS, the Cox proportional-hazards model was used for univariate and multivariate analyses. *P* value less than 0.05 was considered to be statistically significant.

3. Results {#sec3}
==========

3.1. Basic Characteristics of the Recruited mCRC Patients {#sec3.1}
---------------------------------------------------------

We analyzed the basic characteristics of the recruited mCRC patients ([Table 1](#tab1){ref-type="table"}). We found RAS gene mutant tumors were more likely to develop in the right colon in comparison with RAS wild-type tumors (68.75% versus 31.09%, *P* = 0.017). PD-L1 was more likely to express in the rectum in comparison with colon (68.00 versus 25.71%, *P* = 0.001).

3.2. Survival Analysis Associated with RAS Status {#sec3.2}
-------------------------------------------------

We sequenced all coding exons of all three RAS isoforms in the 60 mCRCs at first. The Kaplan-Meier survival analysis demonstrated that there were no significant differences in OS between RAS (*P* = 0.069), KRAS (*P* = 0.114), mutation type and wild type (Figures [1(a)](#fig1){ref-type="fig"} and [1(b)](#fig1){ref-type="fig"}).

3.3. Prognostic Value of Immunoscore in mCRCs {#sec3.3}
---------------------------------------------

The immunohistochemical results of the CD3 and CD8 were showed in [Figure 2(a)](#fig2){ref-type="fig"}. IS is a summation of the score of CD3+ and CD8+ TILs in the CT and IM, which is from 0 to 4. Then, all the patients were divided into two groups---IS low group (0, 1, and 2) and high group (3, 4). The Kaplan-Meier analysis showed immunoscore (IS) was not significantly correlated with survival (*P* = 0.799) ([Figure 2(b)](#fig2){ref-type="fig"}).

Then, we divided these patients into two groups by IS. The Kaplan-Meier analysis shows RAS gene type was not significantly correlated with survival in each group (*P* = 0.101, *P* = 0.387, resp.). But, by univariate COX regression analysis, the *P* value and hazard ratios were 0.140 and 0.277 in IS-High group (Figures [2(c)](#fig2){ref-type="fig"} and [2(d)](#fig2){ref-type="fig"}).

3.4. Prognostic Value of PD-L1 Expression in mCRCs {#sec3.4}
--------------------------------------------------

The immunohistochemical results of the PD-L1 expression were showed in [Figure 3(a)](#fig3){ref-type="fig"}. All the patients were divided into two groups with or without the expression of PD-L1. The Kaplan-Meier analysis showed the PD-L1 expression was not significantly correlated with survival (*P* = 0.143) ([Figure 3(b)](#fig3){ref-type="fig"}).

Then, we divided these 60 patients into another two groups by PD-L1 expression. The Kaplan-Meier analysis showed RAS gene type was not significantly correlated with survival in each group, either (*P* = 0.287, *P* = 0.052, resp.). But, by univariate COX regression analysis, the *P* value and hazard ratios were 0.080 and 0.24 in PD-L1-negative group (Figures [3(c)](#fig3){ref-type="fig"} and [3(d)](#fig3){ref-type="fig"}).

3.5. Univariate and Multivariable Analyses in mCRCs {#sec3.5}
---------------------------------------------------

We used the Cox proportional-hazards model to investigate the independent prognostic factors for OS in patients with mCRC ([Table 2](#tab2){ref-type="table"}). The univariate analysis showed that the OS of patients with RAS mutation was worse than patients without RAS mutation (hazard ratio (HR): 0.473), though the *P* value is not significant (*P* = 0.069). In multivariate analysis, RAS mutation and PD-L1 expression in lymphocyte were demonstrated to be the independent negative prognostic factor for OS (*P* = 0.044, HR: 0.258, and 95% CI: 0.069--0.967; *P* = 0.048, HR: 0.276, and 95% CI: 0.077--0,988). And both IS and age had impressive influence on OS (HR: 2.681; HR: 2.127).

4. Discussion {#sec4}
=============

In this study, we elucidated the prevalence of RAS mutations in Chinese mCRC patients, clarified the correlation between clinicopathological features and gene status, and investigated the prognostic value of tumor-infiltrating cells. So far, most clinical evidence about RAS and BRAF mutations in mCRC were originated from western countries. In this paper, we detected the frequency of RAS and KRAS mutation in 60 Chinese mCRC patients with palliative operation (53.33%, 38.33%). More recently, several reports have shown that exon 3 or 4 mutation of KRAS and exons 2--4 mutation of NRAS occurred in approximately 10 percent of mCRC patients with KRAS exon 2 wild-type tumors. Our data showed that the frequency of patients with KRAS exon 2 mutant tumors is similar.

As previously reported, the presence of BRAF mutations in CRC was always a strongly poor prognostic marker for clinical outcome. And patients with BRAF mutant are often refractory to systematic chemotherapy \[[@B17]\]. However, there was no identical conclusion about the correlation between the RAS mutation and the prognosis in mCRC patients. Previously, research showed that there was insufficient evidence to definitively state that patients with RAS mutations mCRC could benefit from bevacizumab combined with chemotherapy as first-line treatment \[[@B18]\]. Recently, several studies have demonstrated that immunoscore (IS) has high prognostic utility, which could be demonstrated as the density of CD3+ and CD8+ lymphocytes in the tumor center (CT) and invasive margin (IM) \[[@B16], [@B19], [@B20]\]. Moreover, it has been reported that the IS method is much better while compared to the current tumor-node-metastases (TNM) staging system, especially in colon cancers \[[@B21]\]. In a recent report, Lea et al. described the limitations of the current TNM staging system in predicting the outcome of patients with CRC \[[@B22]\]. They suggested that the immune cell density in the stromal environment could be a better prognostic marker. This suggestion was also confirmed by Mlecnik et al. \[[@B23]\]. Furthermore, the multivariate survival analysis conducted by Anitei et al. confirmed that the IS system has stronger prognostic value than the TNM staging system \[[@B24]\]. In this study, all the patients were mCRC with palliative operation and we demonstrated the prognostic value of the IS method. We divided all the patients to low IS (0, 1, and 2) and high group (3, 4). Our study demonstrated that patients without RAS mutation have a better prognostic in the higher density of CD3+ and CD8+ lymphocytes group. Most of the studies have demonstrated that dense infiltration of CD3+ and CD8+ lymphocytes is associated with less aggressive clinic-pathological features and a better prognosis \[[@B24], [@B25]\]. Hence, the IS system could be a robust prognostic factor that is assessable for mCRC patients without RAS mutation.

Previous study suggested that the activation of the PD-1/PD-L1 signaling pathway created an immunosuppressive tumor microenvironment for tumors to escape from immune clearance \[[@B26]\]. Thus, blockade of the PD-1/PD-L1 function provided a potential strategy for cancer immunotherapy. Many clinical trials have been conducted to show the clinical benefit of various types of tumors from anti-PD-1/PD-L1 immunotherapy, such as malignant melanoma, non-small cell lung cancer, and renal cell carcinoma \[[@B27], [@B28]\]. A recent phase II trial reported that mismatch-repair status could predict a survival benefit during blockade of the immune checkpoint system in CRC patients \[[@B29]\]. Interestingly, several studies found that PD-L1 expression was also correlated to MSI status \[[@B30]\]. In our study, we found that high IS correlated with prolonged OS and was a good independent prognostic indicator in RAS wild-type mCRC patients. According to other research, high PD-1 expression has been correlated with improved response to immune checkpoint inhibitors, compared with low PD-L1 expression. Furthermore, PD-L1 expression on the peritumor cells may be correlated with improved response to immune checkpoint inhibitors. In addition, the high mutational frequency found within tumors raises the possibility that T cells may preferentially invade tumors in patients whose T cells recognize mutated epitopes found within the tumor tissue \[[@B31]\]. These findings suggest that PD-L1 expression is a useful and reproducible tool for predicting survival for mCRC patients. In our study, we divided the 60 mCRC patients into two groups according to the percent of PD-L1 expression in tumor cell and lymphocytes. The Kaplan-Meier analysis showed that there was a better prognostic with PD-L1 expression in wild-type RAS patients. We found that the PD-L1 expression was the independent negative prognostic factor for OS in multivariate analysis (*P* = 0.048, HR: 0.276, and 95% CI: 0.077--0.988).

5. Conclusions {#sec5}
==============

In conclusion, for the mCRC patients with palliative operation and negative PD-L1 expression, the RAS mutation is a negative prognostic factor. And the RAS mutation maybe a potential negative prognostic factor for the mCRC patients with palliative operation and high immunoscore. All the results suggested that, combined with RAS status, IS and PD-L1 expression may be the prognostic indicators for mCRC patients with palliative operation. This will provide a better prognostic marker for the treatment of mCRC patients without radical operation.
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![*Relationship of RAS status and overall survival in mCRC*. (a) Overall survival analysis to RAS statue of all the patients. (b) Overall survival analysis to KRAS statue of all the patients.](BMRI2018-5920608.001){#fig1}

![*Prognostic value of immunoscore in mCRCs.* (a) The immunohistochemical results of the CD3 and CD8 in the CT and IM of the primary tumor. (b) The Kaplan-Meier survival curve according to IS. (c) The Kaplan-Meier survival curve according to RAS statue in IS-High patients. (d) The Kaplan-Meier survival curve according to RAS statue in IS low patients.](BMRI2018-5920608.002){#fig2}

![*Prognostic value of PD-L1 expression in mCRCs.*(a) The PD-L1 expression of the primary tumor. (b) The Kaplan-Meier survival curve according to PD-L1 expression. (c) The Kaplan-Meier survival curve according to RAS statue in patients with PD-L1 expression. (d) The Kaplan-Meier survival curve according to RAS statue in patients without PD-L1 expression.](BMRI2018-5920608.003){#fig3}

###### 

Basic characteristics of the recruited mCRC patients.

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  *Characteristics*                 Total   *RAS mutation*   *Immunoscore*   *PD-L1 expression*                                                                          
  --------------------------------- ------- ---------------- --------------- -------------------- --------------- --------------- ------- -------------- --------------- -------
  *Patients number  (percentage)*   60      26 \             34 \                                 38 \            22 \                    34 \           26 \             
                                            (43.33%)         (56.67%)                             (63.33%)        (36.67%)                (56.67%)       (43.33%)        

  *Age*                                                                      0.341                                                0.325                                  0.207

   Mean ± SD                                59.64 ± 10.68    59.15 ± 10.51                        59.84 ± 10.16   59.22 ± 11.53           59.41 ± 8.85   59.88 ± 12.69    

  *Sex*                                                                      0.832                                                0.294                                  0.429

   Male                             43      19               24                                   29              14                      23             20               

   Female                           17      7                10                                   9               8                       11             6                

  *Location*                                                                 0.054                                                0.851                                  0.002

   Right                            16      11               5               0.017                11              5               0.600   10             6               0.582

   Left                             19      7                12                                   12              7                       16             3                

   Rectum                           25      8                17              0.134                15              10              0.651   8              17              0.001

  *Site of metastasis*                                                                                                                                                    

   Liver                            53      22               31              0.433                34              19              0.718   30             23              0.978

   Lung                             11      7                4               0.133                7               4               0.982   8              3               0.234

   Others                           4       2                2               0.781                2               2               0.567   2              2               0.781
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Age was compared between two groups by using independent *t*-test; *P* values are calculated by using Fisher\'s exact test because less than 80% of the cells have an expected frequency of 5 or greater, or any cell has an expected frequency smaller than 1.0.

###### 

Univariate and multivariate analyses of OS in 60 mCRC patients.

  Variables               Univariate analysis   Multivariate analysis                                  
  ----------------------- --------------------- ----------------------- -------------- ------- ------- --------------
  Age (≥60)               0.079                 2.255                   0.909--5.597   0.166   2.127   0.731--6.188
  Location (left/right)   0.714                 0.826                   0.298--2.292   0.534   0.631   0.148--2.691
  RAS mutation            0.109                 0.473                   0.189--1.181   0.044   0.258   0.069--0.967
  Histology               0.228                 0.551                   0.209--1.453   0.467   0.643   0.195--2.114
  Nerve invasion          0.587                 1.293                   0.512--3.265   0.954   0.969   0.334--2.812
  Vascular invasion       0.719                 1.203                   0.440--3.285   0.613   0.734   0.221--2.433
  Immunoscore             0.802                 1.125                   0.447--2.831   0.127   2.681   0.756--9.507
  PD-L1                   0.160                 0.531                   0.219--1.284   0.048   0.276   0.077--0.988
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